Two experiments are described in which changes in both nitrogen and mineral balance were monitored in ewes during lactation. In Expt 1, two groups (n 6) of ewes were fed on diets that were either high (15 g crude protein (N x 6.25; CP)/MJ metabolizable energy (ME)) or low (10 g C P / M J ME) in protein content, and concurrent N and mineral balance studies were made at intervals during lactation with 45Ca and "P being used to monitor faecal endogenous calcium and phosphorus losses. Ewes fed on the highprotein diet maintained a positive N balance during early lactation, whereas those fed on the low-protein diet were in negative N balance. Both groups, however, showed the same degree of negative Ca and P balance, with the amounts lost being directly related to milk yield. This indicates that loss of mineral from the skeleton at this time is not secondary to a loss of bone matrix due to a shortfall in dietary protein supply. In Expt 2, two groups of ewes (n 4) were fed on diets in late pregnancy that were either just adequate or generous in Ca and P supply relative to requirement (TCORN, 1990). After parturition both groups were fed on a diet which was formulated to meet their estimated Ca and P requirements for lactation. As in the previous experiment both groups were in negative Ca and P balance in early lactation and variation in dietary Ca and P supply during pregnancy had no effect on the extent of this loss. Alternative explanations for the cause of this loss of mineral from the skeleton are discussed.
Sheep and cattle are known to lose appreciable amounts of calcium and phosphorus from their skeletons during early lactation (Braithwaite et al. 1969; Braithwaite, 1983 a, 6; Ramberg et al. 1970) . The reason for this is not clear though the amounts lost do seem to be dependent on milk yield and do not appear to be greatly influenced by variations in current dietary Ca and P supply (Braithwaite, 1983a, 6) .
Supply during pregnancy may, however, play a part, with loss of mineral from the skeleton during early lactation being reportedly greater in ewes fed on a diet high in Ca during pregnancy (Braithwaite, 1978) . A deficiency in energy and protein supply relative to lactation needs may also be a factor. This in practice arises due to a shortage of high-quality feed on many farms and an inability on the part of the animal to consume enough of a lower quality feed to satisfy its energy and protein requirements (Forbes, 1977) . In these circumstances it has been suggested that loss of mineral from bone may be secondary to a loss of bone matrix resulting from this shortfall in protein supply (Sykes & Geenty, 1986) .
The work described here was designed to test these possibilities in lactating ewes and involved concurrent nitrogen and mineral balance studies and the use of pyridinoline and deoxy-pyridinoline excreted in the urine as markers of bone-protein turnover (Black et al. 1988 ). while separate duplicate 100 g portions were also retained for mineral and radioisotope measurements. Milk yield was recorded daily with the evening milk being combined with that collected the following morning. From this mixed sample duplicate 5 ml portions were taken for mineral analysis and a further 10 YO was retained for N analysis.
C A L C I U M A N D P H O S P H O R U S M E T A B O L I S M I N L A C T A T I N G SHEEP

Expt 2
The other eight ewes were used and of these one was carrying twins and the remainder a single lamb with the lambs at birth averaging 4.56 kg live weight. For the first 50 d of pregnancy treatment of the ewes was as described previously. At this point they were divided by weight into two equal groups one of which was fed on a diet similar in composition to the high-protein diet used in the previous experiment but which was lower in Ca and P content (2.88 and 2.19 g/kg DM respectively) while the other group was fed on the same diet supplemented with CaHPO, .2H,O so as to increase its Ca and P content up to 10.23 and 7.56 g/kg DM respectively. As before, parturition was induced at 142 d of gestation and both groups of ewes were then fed on the same high-protein diet as used in Expt 1. After 2 d the lambs were removed and the ewes were then machine-milked, with mineral balance measurements being carried out over two periods covering days 14-25 and 3 5 4 6 after parturition. The procedures used were as described previously and during both periods food intake was fixed at 1.8 kg/d.
Analytical methods
Ca levels in food, faeces, urine, milk and plasma were determined using a Technicon Autoanalyzer and the method of Gitelman (1967) . Total P in these materials was determined using the method of Roach (1965) while inorganic P levels in plasma were determined using the method of Young (1966) . N levels in food, faeces, urine and milk were determined by the Kjeldahl method as described by Davidson et al. (1970) while the levels of pyridinoline and deoxy-pyridinoline in urine were determined using the method of Black et al. (1988) .
The levels of 45Ca and 32P in plasma and faeces were determined using a liquid scintillation counter (Packard 1900 CA) and the values were corrected for quenching using the external standard method. Plasma samples were deproteinized using trichloroacetic acid (100 g/l) before counting while faeces were dry-ashed and the resulting ash was dissolved in concentrated nitric acid. 
CALCIUM A N D P H O S P H O R U S METABOLISM I N L A C T A T I N G S H E E P
The proportions of faecal Ca and P of endogenous origin were calculated from the ratio of the area under the faecal specific radioactivity curve to that under the plasma curve (Field et ul. 1982) . The faecal data were adjusted to allow for the passage of endogenous mineral through the gut; this was determined as the interval after dosing to the time of collection of faeces having the highest specific radioactivity.
Stutisticul methods
Analysis of variance (GENSTAT; Lawes Agricultural Trust, 1984) was used to test the differences between treatments as well as those between periods. Relationships between selected variables were also examined using regression analysis. Table 2 gives mean values for milk yield, N balance and for the rates of excretion of pyridinoline and deoxy-pyridinoline in the urine of the two groups of ewes.
RESULTS
Expt I
Milk production varied between individual animals though within each period those fed on the high-protein diet did, on average, excrete a little more milk containing more N than those fed on the low-protein diet. Faecal N levels were not affected by dietary protein supply but urine levels were significantly higher (P < 0.0 1) in those fed on the high-protein diet. Average N retention over the four periods was not significantly affected by dietary protein supply, though there were period differences, with ewes fed on the low-protein diet being in negative N balance in period 1 and in positive balance in later periods. Ewes fed on the high-protein diet remained in positive N balance during the first and fourth periods and in near zero N balance during the second and third periods.
There were no significant treatment differences in either urinary pyridinoline or deoxypyridinoline excretion, with the rates of excretion of both markers being highest in early lactation and showing a progressive decrease in subsequent periods.
Tables 3 and 4 summarize the effects of protein intake on Ca and P balance. Plasma Ca and P levels did not differ significantly between treatments and only small amounts of these minerals were excreted in the urine, with the levels excreted being similar for both treatments. Faecal Ca and P levels were, however, higher in ewes fed on the lowprotein diet, a difference that probably relates to the higher Ca and P content of this diet.
The amounts of Ca and P excreted in milk were directly related to milk yield at average concentrations of about 1.9 and 1.6 g/kg respectively.
All ewes were in negative Ca and P balance throughout the experiment with the amounts lost being directly proportional to milk yield (Fig. I) .
Changing dietary protein supply had no effect on faecal endogenous Ca or P excretion nor on the amounts of dietary Ca or P absorbed, though in both cases Ca was absorbed with much lower efficiency than P.
Expt 2 One of the ewes fed on the high Ca-high P diet became inappetant in late pregnancy and despite treatment had to be withdrawn from the trial. Tables 5 and 6 give mean values for milk yield and a summary of the Ca and P balance data for both sets of ewes. Milk yields were similar to those recorded in Expt 1 and as before both sets of ewes were in negative Ca and P balance during both periods of measurement. There was, however, no evidence that alteration in Ca and P supply during pregnancy had any effect on either the rates at which these minerals were withdrawn from the skeleton or on the rates at which they were absorbed from the gut, with Ca again being absorbed with much lower efficiency than P.
D I S C U S S I O N
Milk yields were lower than expected for ewes of this weight and breed, but were slightly, though not significantly, higher in those fed on the high-protein diet (Table 2) . Gonzalez et al.
( 1 982) have previously reported a marked increase in milk yield in response to a range of supplementary proteins, including blood meal, in ewes fed on diets similar in composition to those used in the present trial. The relatively poor response seen here may reflect the fact that their measurements were made using suckling lambs since studies elsewhere have shown that milk yields are lower in ewes that are machine-milked (Treacher, 1970) . Gonzalez et al. (1982) found that the ability of a protein to stimulate milk production was directly related to its degradability in the rumen, with those of low degradability having the greatest effect and with the response to blood meal being comparable to that achieved with fishmeal. Blood meal, which was used here because of its relatively low Ca and P content, is known to be somewhat variable in degradability depending on its method of manufacture. This was considered as a possible explanation for its failure to promote milk production but, when tested using the 'nylon-bag' technique (Orskov et al. 1980) , it was found to be almost totally undegradable, with only a 4.9 % loss from the bag after a 96 h period of incubation in the rumen. Its appearance as additional N excretion in the urine 7 Period 1, (Table 2 ) would also seem to remove possible doubts as to its post-rumen digestibility. A shortage of energy was also considered as a possible reason for the poor milk yield and lack of response to protein seen in the present study. Here again, however, this was considered to be an unlikely explanation,since daily intakes of ME were at levels which, according to Agricultural Research Council (1980), would be expected to support a much higher level of milk production than was observed. Again, this would seem to point to machine-milking as the major factor limiting milk production and its response to supplementary protein in the present experiment.
The main object of the present study was not, however, to evaluate blood meal as a protein source but rather to examine the link, if any, between protein deficiency in early lactation and bone mineral resorption by comparing ewes at the same level of mineral intake but at different levels of N balance. In this respect it was successful with the two groups of ewes showing period differences in N balance (Table 2 ) but little difference in mineral balance (Tables 3 and 4) . This was most marked in period 1, with ewes fed on the high-protein diet being in positive N balance while those fed on the low-protein diet were in negative N balance but with both groups showing a similar degree of negative Ca and P balance.
Urinary pyridinoline and deoxy-pyridinoline levels were also markedly elevated in period 1 and during each period were excreted in the urine at a ratio of about 10: 1 (Table 2) . This is close to the ratio at which these markers are present in bone (Black et al. 1988 ) and points to a loss of bone matrix as the source of their increase in excretion. The fact that this increase was common to both groups regardless of their current N balance position would seem to identify this loss of matrix as being secondary to the withdrawal of mineral from bone in order to meet the mineral requirements for milk production (Fig. I) , rather than mineral loss being secondary to matrix loss due to a shortfall in dietary protein supply.
Further evidence to support this view can be seen in recent studies in lactating ewes fed on mixed ryegrass (Lolium perenne)-white clover (Trifolium repens) diets, which were seen to continue losing Ca from their skeletons over the first 5 weeks of lactation despite being in positive N balance throughout this period (Chrisp et al. 1989) .
What may seem a surprising feature of the present experiment was the low efficiency with which dietary Ca was absorbed (Table 3) , bearing in midd that these ewes were in negative Ca balance. Braithwaite ( 1 9 8 3~) has also reported similar low efficiencies of absorption of Ca in ewes in early lactation. Ca absorption is subject to close homeostatic control and hence one might have expected these ewes to have adjusted their absorptive efficiency up to the maximum level (0.68), on which both Agricultural Research Council (1980) and TCORN (1990) base their estimates of requirements. Explanations for their failure to do so were therefore considered.
The first of these was a low availability of Ca in the diet but this was discounted because a major proportion of dietary Ca was derived from inorganic sources. A second possibility relates to their intakes of Ca and P during late pregnancy. The diet at this time in the first experiment was one in general use in this Institute and was high in Ca and P, and towards the end of pregnancy was supplying about 16 and 12 g/d of these minerals respectively. Based on recent estimates (Agricultural Research Council, 1980 ; TCORN, 1990 ) these intakes would be considered very generous in relation to requirement and it has been suggested that feeding high levels of Ca pre-partum may suppress parathyroid hormone and 1,25(0H)-dihydroxycholicalciferol synthesis (Yarrington et al. 1977 ). This in turn will favour a reduction in the level of Ca-binding protein in the gut and a consequent decrease in Ca absorption. Such a reduction in binding protein immediately before the sudden increase in Ca requirement that follows parturition might be expected to lead to the resorption of mineral from bone. If this were the case then one might expect variation in Ca and P supply during pregnancy to influence the amounts of these minerals that are subsequently drawn from the skeleton. It was this concept that Expt 2 was designed to test.
In Expt 2 one group of ewes had Ca and P intakes during late pregnancy that were based on the recent TCORN (1990) estimates of requirement (Ca 4.3 g/d, P 3.3 g/d) while the other group had intakes (Ca 15.5 g/d, P 11.4 g/d) similar to those in the first experiment. It is clear, however, from Tables 5 and 6 that this variation in mineral supply during pregnancy had little effect on the subsequent loss of Ca and P from the skeleton or on the efficiency with which dietary Ca was absorbed (Table 5) .
This finding was at first puzzling, since it appeared to be at variance with the results of a study reported by Braithwaite ( I 978) in which during the second half of pregnancy ewes were fed on diets supplying either 8.06 or 153 g Ca/d while after parturition both groups were given a diet generous in Ca and P. Measurements made in early lactation showed a very much higher rate of absorption of Ca from the gut and a reduced rate of loss from bone in those which were restricted in Ca supply during pregnancy, suggesting that the rate of loss from the skeleton may indeed be affected by supply during pregnancy. However a Ca intake of 1.53 g/d during late pregnancy would by any standards be regarded as inadequate in relation to requirement. A ewe fed on such a diet would be expected to increase its production of intestinal Ca-binding protein, which at the outset of lactation and accompanied by a large increase in Ca intake would be expected to favour a higher rate of Ca absorption from the gut and a reduced rate of resorption from bone. If this is so then there may be some subsequent advantage as far as the skeleton is concerned in giving diets during pregnancy that are very low in Ca, though the formulation of such diets may well present practical problems.
Having failed to establish a link between N and mineral balance in early lactation in the present study, it is uncertain whether or not resorption of mineral from the skeleton at this time is part of an as yet unrecognized hormonal response associated with the onset of lactation. Certainly there is evidence that it is not due to a shortage of Ca and P in the diet, in that it has been shown that this loss cannot be prevented simply by increasing dietary Ca and P supply (Braithwaite, I983 a, b) . Recently a novel parathyroid-hormone-related peptide has been described in patients with hypercalcaemia associated with certain malignancies (Moseley et al. 1987) . Preliminary indications are that this peptide is present in fetal blood (Allgrove et al. 1985) and that the messenger RNA for the peptide is also present in a number of adult tissues, including the lactating mammary gland (Thiede & Rodan, 1988) . This has prompted speculation as to its role in the mobilization of bone Ca and its transfer to milk (Brommage & De Luca, 1985) .
If it does have this role and one were to regard the loss of mineral from bone during early lactation as being to some extent inevitable, then this would also offer an explanation for the low efficiency of Ca uptake from the gut seen in these and other lactating ewes (Braithwaite, 1983a) in that resorption of mineral from the skeleton would in direct consequence reduce the need to absorb Ca from the gut. It would also explain the very high levels of endogenous P excreted in the faeces seen in these and in other lactating ewes (Braithwaite, 1983h) , the levels in both cases being far higher than those on which the Agricultural Research Council (1 980) and TCORN (1990) base their estimates of requirement (Table 4) . Resorption of Ca from the skeleton under these conditions will, of course, also lead to a release of P into the blood. This, when added to that absorbed from the diet, will yield a total supply of P well in excess of that needed to cover milk production (Table 4) . One thus has the paradox of an animal that is in negative P balance but which has available to it far more P than it actually requires, resulting in a level of endogenous P excretion far higher than would be expected in relation to live weight (Agricultural Research Council, 1980) or DM intake (TCORN, 1990) . Some workers view these levels of endogenous P excretion as an obligatory loss (Braithwaite, 19836) and have argued for an increase in allowances to cover them. This, however, is a view we would not endorse for reasons discussed earlier. Moreover it has no support in practice since feeding supplementary Ca or P at this time does not reduce bone mineral loss.
In summary, our results suggest that resorption of Ca and P from the skeleton may form part of the normal physiological response of the ewe to the onset of lactation. It appears that this response is largely independent of N balance and that milk production and the need to meet its mineral requirements provides the major drive in this system.
